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Natural selection can favor the coexistence of sexual and asexual forms of
a species even within a single ecosystem, when hotspots of coevolution
between hosts and parasites occur next to coldspots.John N. Thompson
Most multicellular species reproduce
through sexual reproduction. This
simple fact has been one of the major
puzzles in evolutionary biology. All else
being equal, individuals that reproduce
sexually should be disfavored by
natural selection because half of
their offspring are male. If a female
produces, on average, an equal
number of female and male offspring,
she has a two-fold disadvantage over
an asexual female that produces only
female offspring. Asexual clones
should therefore quickly increase
in frequency in populations at the
expense of sexual individuals.
Yet the fact remains that most
species are sexual.
As reported in this issue of Current
Biology, King et al. [1] have now shown
that currently two complementary
coevolutionary theories, the Red
Queen hypothesis and the geographic
mosaic theory of coevolution, can
explain the distribution of sexual and
asexual forms in a species that has
become a model for studies of the
evolution of sex — the New Zealand
mudsnail,Potamopyrgus antipodarum.
Snails living in shallow water suffer
high rates of infection by a castrating
trematode, Microphallus sp. In these
habitats, the parasites cycle between
the snails, which are their intermediate
hosts, and dabbling ducks, which are
their definitive hosts (Figure 1).
Coevolution between the snails and
parasites is strong in these shallow
water habitats, and selection favors
sexual snails. The dabbling ducks,
however, do not forage in deep water
habitats, which breaks the parasite life
cycle and results in chronically low
levels of infection in snails living in deep
water. Snails in the deep water habitats
are mostly asexual.
These observations are consistent
with the Red Queen hypothesis, which
suggests that parasites become
adapted to the most common local
genotypes of their hosts, thereby
constantly favoring rare hostgenotypes. By producing genetically
diverse offspring, a sexual female, on
average, is more likely than an asexual
female to produce offspring with rare
genotypes to which its parasites are
poorly adapted. The most difficult
part of evaluating this coevolutionary
hypothesis has been in finding species
in which sexual and asexual forms
can be studied and manipulated
in natural ecosystems.
By a quirk of its natural history, the
New Zealand mudsnail has become
the perfect model for testing the Red
Queen hypothesis. In the lakes of New
Zealand, sexual and asexual forms
of the snail coexist, and the proportions
of the two forms vary among lakes.
Decades of careful work on this
species, initially by Curt Lively [2] and
then in subsequent collaboration with
multiple students and colleagues [3–7],
have shown that selection imposed by
the trematode parasite Microphallus
sp. favors sexual females over
asexual females by favoring rare
host genotypes.
The parasite castrates its host,
reducing that snail’s contribution to thenext generation to zero. Common snail
genotypes in these lakes are more
heavily attacked, and they therefore
become increasingly rare over time.
Meanwhile, currently rare genotypes to
which the parasites are poorly adapted
are less likely to be attacked and
therefore increase in frequency in the
population. The result is a relentless
coevolutionary chase, favoring
parasites that attack the currently
most common host genotypes and
hosts that escape attack by having
rare genotypes [8].
This Red Queen process depends
upon local adaptation. The parasites
adapt to the most frequent genotypes
in their local hosts, not to the host
species overall. Consequently,
maintenance of sexual reproduction
requires spatially structured
populations in which parasites adapt
specifically to their local hosts.
Parasite-mediated selection for sex is
therefore likely to result in a geographic
mosaic of coevolution, as has
increasingly been found in a wide
range of interactions among species
shaped by yet other forms of natural
selection (for example [9–14]).
The geographic mosaic theory of
coevolution is complementary to the
Red Queen hypothesis and posits that
the ongoing evolution of interactions
among species is fueled by three
sources of coevolutionary variation:
differences among environments in
how selection acts on each genotypeFigure 1. Lake Alexandrina in the Southern Alps of New Zealand with ducks that are the
definitive host of the parasitic trematode, Microphallus sp.
Photograph courtesy of Jukka Jokela.
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differences among environments in
whether selection is truly reciprocal;
and a continual remixing of genes
among populations through gene flow
and metapopulation dynamics [15].
Even highly coevolved interactions
show evidence of ‘coevolutionary
hotspots’, where selection is highly
reciprocal among interacting species,
and coevolutionary coldspots or
warmspots where selection is not
reciprocal or only weakly reciprocal.
Most studies of selection mosaics
and coevolutionary hotspots show
differences in selection across large
spatial scales, although some recent
studies have indicated that mosaics
can occur at smaller scales [16,17]. The
results of the new study by King et al.
[1] show that coevolutionary hotspots
and coldspots can occur within a few
tens of metres of each other
in a single lake.
Through a set of elegant cross-
inoculation experiments using
shallow-water and deep-water snails
from two lakes as well as parasites
collected from these lakes, King et al.
[1] were able to eliminate the alternative
hypothesis that sexual snails or
shallow-water snails were simply
more susceptible to attack by the
trematodes. They showed that
parasites are better able to infect
their shallow-water sympatric hosts
than either deep-water sympatric
hosts or allopatric hosts. Surprisingly,
the parasites were no more infective
to sympatric, deep-water snails than
to allopatric snails from either habitat,
showing that deep water is a
coevolutionary coldspot. It therefore
appears that sexual reproductionHuman Genetics: M
Material of Evolutio
By direct sequencing of two Y chromos
ancestor, a landmark study has derived
base substitution mutations on the hum
John A.L. Armour
Mutations are the quanta of genetic
change and create the raw material of
evolution. For this reason, measuring
rates of spontaneous mutationpredominates in shallow-water
habitats through the Red Queen
process, and asexual and sexual
forms of the snail are maintained
within the same lake partially through
coevolutionary hotspots and
coldspots at different depths.
These snails, which have taught us
so much about the evolution of sex
and the process of coevolution, are
now becoming important for yet other
reasons. They have been introduced
onto multiple continents and are
increasingly spreading as major
invasive species [18]. The introduced
populations are usually asexual and
often show very low clonal diversity
[19]. In the decades ahead, it will
be interesting to see how these
populations evolve as local parasites
adapt to these invaders, creating a
larger scale geographic mosaic of
coevolution driven by the Red
Queen process.
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Unfortunately, the term ‘mutation rate’
has been used to describe at least two
different (but related) processes:
a ‘pedigree rate’, the frequency at
which mutations are observed as
appearing in offspring compared with
parents; and an ‘evolutionary rate’,
applicable to species or groups of
species, the frequency at which
mutations arise and persist in the
longer term. For independent, purely
neutral mutations in a steady-state
